A field experiment was conducted to observe the effect of inorganics, bio-fertilizers and FYM applied to rice-fallow sorghum on soil properties and biological activity at Agricultural College Farm, Bapatla during 2012. Soil samples were collected at flowering and harvest of the crop and were analysed for bulk density (BD), porosity, pH, electrical conductivity (EC), organic carbon, N, P, K and micronutrients by standard methods. Results indicated that the soil properties viz., bulk density, porosity, pH and EC were not markedly influenced by the imposed treatments, while significantly high organic carbon was recorded in FYM treated plots. There was a significant influence of the treatments on available nitrogen and phosphorus, but not on potassium. Among micronutrients (Cu, Zn, Mn and Fe), the treatmental influence was significantly related to Fe only. Addition of inorganics in combination with organics and bio-fertilizers proved to be more efficient in improving the microbial population and enzyme activities (urease and dehydrogenase) significantly.
Introduction
Continuous adoption of rice -sorghum sequence is a point of concern as cultivation of two cereal crops in a year involves heavy removal of nutrients, which diminishes the soil health and in turn productivity. Adopting cereal-cereal sequence for longer periods with low system productivity, and often with poor crop management practices, results in loss of soil fertility due to emergence of multiple nutrient deficiency (Dwivedi et al., 2001 ) and deterioration of soil physical properties (Tripathi, 1992) . It is therefore necessary to judiciously manage the inflow of nutrients by integration of all sources.
At this juncture conjunctive use of organics can increase the productivity of soils as they act as a source of nutrients and modify the soil physical behavior as well as increase the efficiency of applied nutrients (Sahadeva Reddy and Aruna, 2008) . However, application of organics and biofertilizers to rice-fallows is uncommon due to the difficulty in their decomposition and use by the fallow crops. The present study was carried out to observe the influence of inorganics, bio-fertilizers and well-decomposed FYM applied to rice-fallow sorghum on soil properties and biological activity of soils.
Materials and Methods
A field experiment was conducted at the Agricultural College Farm, Bapatla of Acharya N.G. Ranga Agricultural University in rice-fallow situation during 2012. The experiment was laid out in a randomized block design with three replications and thirteen treatments viz., T1 -90 kg N ha -1 ; T2 -120 kg N ha -1 ; T3 -150 kg N ha -1 ; T4 -90 kg N ha -1 + Bio-fertilizers; T5 -120 kg N ha -1 + Bio-fertilizers; T6 -150 kg N ha -1 + Bio-fertilizers; T7 -90 kg N ha -1 + FYM; T8 -120 kg N ha -1 + FYM; T9 -150 kg N ha -1 + FYM; T10 -90 kg N ha -1 + FYM + Bio-fertilizers; T11 -120 kg N ha -1 + FYM + Bio-fertilizer; T12 -150 kg N ha -1 + FYM + Biofertilizers; T13 -No nitrogen (Control). The soil of the experimental field was sandy clay loam in texture, neutral in reaction ( pH 7.4), medium in organic carbon (0.55%), low in available nitrogen (122 kg ha -1 ), medium in available phosphorus (27.9 kg ha -1 ) and high in available potassium (729 kg ha -1 ). The counts of bacterial population obtained in the initial soil was 1.1 × 10 6 CFU g -1 soil, while the fungal population was 6 × 10 3 CFU g -1 soil. The urease activity in the soil was 9.4 μg NH4 + -N g -1 soil h -1 , while the dehydrogenase activity was 25.84 μg TPF g -1 soil 24 h -1 . Sorghum hybrid MLSH-151 was dibbled at 45 cm x 15 cm spacing on 2 nd February, 2012. Well decomposed (C : N of 25 : 1) FYM was applied 7 days before sowing. Bio-fertilizer consortium consisting of Azospirillum, phosphorus solubilising bacteria (PSB) and plant growth promoting rhizobacteria (PGPR) @5 kg ha -1 each was applied one day before sowing. Nitrogen was applied in 2 splits, while P2O5 and K2O (30 kg ha -1 each) were applied to all treatments as per recommendation. Soil samples were collected at flowering and harvest of the crop and were analysed for bulk density (BD), porosity, pH, electrical conductivity (EC), organic carbon, N, P, K and micronutrients by standard methods. The enumeration of total bacteria and fungi in fresh soil samples was carried out by following serial dilution plate count technique as given by Dhingra and Sinclair (2000) and Martin (1950) , respectively. Urease activity was estimated by quantifying the rate of release of NH4 + -N from the hydrolysis of urea as described by Tabatabai and Bremner (1972) . Dehydrogenase activity in the soil sample was determined by following the procedure as described by Casida et al. (1964) .
Results and Discussion

Physico-chemical properties of soil
Bulk density and porosity of the experimental soil were not influenced significantly by the imposed treatments (Table 1) . However, the treatments supplied with FYM (T7 to T12) recorded the lower bulk density and porosity values compared to other treatments. Similar findings were observed by Bellakini and Badanur (1997) . Application of inorganics alone or in combination with bio-fertilizers and FYM did not show any significant effect on pH of the soil. The EC values of the soil were not significantly influenced by bio-fertilizers and FYM either alone or in combination at different levels of nitrogen. The increase in inorganic nitrogen level from 90 to 150 kg N ha -1 either alone or in combination with bio-fertilizer did not show any significant increase in organic carbon content. The treatments supplied with FYM recorded higher organic carbon than the treatments, which received inorganics alone, and in combination with bio-fertilizers. Improvement in organic carbon status with increasing level of fertilizer nitrogen from 90 to 150 kg N ha -1 over initial soil organic carbon content could be attributed to increased biomass production (root mass and root exudates) with increased level of fertilizer application. Similar findings were observed by Tolanur and Badanur (2003) . The availability of phosphorus increased significantly with increase in nitrogen dose up to 150 kg ha -1 of nitrogen alone or in combination with FYM (Table 2 ). The availability of P significantly increased in bio-fertilizer treated plots only up to 120 kg N ha -1 . The highest available phosphorus at flowering and harvest stages was observed in T12 (150 kg N ha -1 + FYM + Bio-fertilizers), which was 60.93 and 53.04 per cent, respectively higher than initial available phosphorus status of soil. The lowest was observed in T13 (no nitrogen) at both stages. Available phosphorus content of the soil was higher in treatments receiving bio-fertilizers along with FYM than their individual application at different levels of nitrogen, which might be due to more effectiveness of bio-fertilizers in solubilizing the insoluble phosphorus in the presence of FYM, which acts as an immediate nutrient source for microbes.
The perusal of data presented in 
Micronutrients
The data related to DTPA extractable copper, zinc, manganese and iron contents are presented in the tables 3. Available copper, zinc and manganese were not significantly influenced by different treatments at both flowering and harvest stages of the crop. Maximum available nutrient contents at flowering and harvest were observed in T12 (150 kg N ha -1 + FYM + Biofertilizers) and the lowest available nutrient contents at flowering and harvest were recorded in T13. The zinc contents were above the critical limit of 0.8 mg kg -1 (Lindsey and Norvell, 1978) in FYM treated plots with higher doses of N at flowering indicating that crop was well supplied with zinc during peak grain filling stage. The availability of iron increased significantly with increase in nitrogen dose up to 120 kg ha -1 of nitrogen with bio-fertilizers or FYM or their combination. The increase in available micronutrients status of soils in organically treated plots might be due to addition of micronutrients through FYM and release of chelating agents from organic matter decomposition, which might have prevented micronutrients from precipitation, oxidation and leaching (Sharma et al., 2001) . Reduction in micronutrient contents in inorganic treatments can be attributed to non-replenishment of micronutrients through chemical fertilizers.
Biological activity
Microbial population
Application of inorganic treatments alone or in combination with bio-fertilizers and FYM showed significant effect on bacterial population up to 120 kg N ha -1 . At a given dose of nitrogen the treatments received FYM were significantly superior over treatment that received inorganics or in combination with bio-fertilizers. The maximum bacterial and fungal population was noticed in the treatment T12 (10.6 x 10 6 , 5 x 10 4 CFU g -1 soil, respectively) while the minimum population was recorded in treatment T13 (3.1 X 10 6 , 1.1 x 10 4 CFU g -1 soil, respectively). The increase in microbial population with the incorporation of organics (FYM) might be due to the improvement of hydrothermal regime and supply of large amount of carbon, a major food source for several bacteria and all fungi involved in decomposition. High bacterial population as compared to fungi may be due to their short generation time and high multiplication rate. The results are in agreement with the findings of Ghate et al. (1994) .
Enzyme activity
Data presented in the table 4 indicated that urease activity of the soils at flowering and harvest of crop was significantly influenced by different treatments. There was a significant increase in urease activity with increase in nitrogen up to 150 kg N ha -1 both at flowering (14.1 to 19.8 μg NH4 + -N g -1 soil h -1 ) and harvest (11.5 to 15.4 μg NH4 + -N g -1 soil h -1 ). Bio-fertilizers when combined with different levels of nitrogen, resulted in significant increase in urease activity. Among FYM treated plots, The urease activity at flowering stage (26.10 μg NH4 + -N g -1 soil h -1 ) and at harvest (18.5 μg NH4 + -N g -1 soil h -1 ) were highest when the treatment received combined application of 150 kg N ha -1 + FYM + Bio-fertilizer (T12), which was on par with T9. The lowest enzyme activity was observed in T13 treatment (no nitrogen). Enhancement of urease activity with increased rate of nitrogen application along with FYM to soil might be due to added organic manures which acted as sole source of carbon and energy for microbes by which their population increased resulting in increased enzymatic activity (Quireshi et al.,1995) . There was a significant increase in dehydrogenase activity with increase in nitrogen up to 150 kg N ha -1 in all combinations. Among FYM treated plots the dehydrogenase activities at flowering (72.89 µg g -1 24 h -1 ) and harvest (49.78 µg g -1 24 h -1 ) were highest when the treatment received combined application of 150 kg N ha -1 + FYM + Bio fertilizers (T12), which were on par with T9 and T11, respectively. The lowest enzyme activity was observed in T13 treatment (no nitrogen). The soil dehydrogenase activity increased with addition of organic carbon through FYM. The enzyme activity was maximum at flowering compared to harvest. This could be due to higher root exudates from the plant roots at flowering over harvesting stage (Vancura et al., 1977; Hale et al., 1978) . The increase in dehydrogenase activity in FYM treated plots could also be attributed to increase in microbial population. 
